Intact parathormone iPTH 1-84 PTH ESRD Hemodialysis Bio-active PTH Chronic kidney disease Background: Secondary hyperparathyroidism (SHPT) is a common complication of chronic kidney disease (CKD) leading high mortality and even long-term morbidity. SHPT is manifested by elevation of parathyroid hormone (PTH) and accurate determining the level of serum PTH is very essential for early diagnosis of SHPT secondary to CKD. It is very important to match the values obtained for intact parathormone (iPTH) and 1-84 PTH with the minimized measurement bias. Objectives: The present study aimed to first determine the agreement value between the iPTH and 1-84 PTH measures in patients with hyperparathyroidism secondary to endstage renal disease under chronic hemodialysis. Then, we attempted to determine the best cutoff values for these two measurements for detecting SHPT in such patients.
Background
Chronic kidney disease (CKD) is a common cause of death and significant disability worldwide so that only in the United States, about 6 million people suffer from kidney dysfunction and of them, nearly 400000 need to dialysis (1) (2) (3) (4) . Secondary hyperparathyroidism (SHPT) is a common complication of CKD leading high mortality and even long-term morbidity.
SHPT is manifested by a defined triad including elevation of parathyroid hormone (PTH), vitamin D deficiency, and impairment of mineral metabolism (5) . SHPT is the result of progressive CKD leading cardiovascular disorders and renal osteodystrophy leading high mortality, high treatment costs as well as prolonged hospitalization. In other word, SHPT can be caused by any abnormal change in maintaining mineral homeostasis by the kidneys. In patients with progressing CKD, developing disease stage leads to depression of vitamin D level along with increase of PTH level (6, 7) . Thus, significant elevation in serum PTH concentration as a major marker for SHPT is predicted in patients with CKD that a PTH level higher than >300 pg/mL can be detected in about onefourth of CKD patients (8, 9) that can be accompanied with cardiac and skeletal diseases in long-term period. Therefore, accurate determining the level of serum PTH is very essential for early diagnosis of SHPT secondary to CKD. After producing early inactive form of PTH as prepro-PTH in parathyroid glands, it is cleaved to pro-PTH and then to an active form of hormone named 1-84 PTH or intact PTH (iPTH). Within stimulation of parathyroid glands activating in response to calcium and phosphorus changes, this active form of PTH metabolite to its fragments (10, 11) . It has been shown that the accuracy of PTH assays for measurement of 1-84 PTH is closely associated with the degree of 1-84 PTH to cross reactivity with these fragments (12) . First generations of these assays had cross reactivity with various types of fragments. Second-generation PTH immunoassays could better detect 1-84 PTH, but may react only to long C-terminal PTH fragments (13) . In third-generation PTH immunoassays, higher specificity for 1-84 PTH assessment was achieved. The main advantage of the latter assays was to determine iPTH and 1-84 PTH with high accuracy in both healthy individuals and CAD patients (14) (15) (16) . However, it is very important to match the values obtained for iPTH and 1-84 PTH with the minimized measurement bias.
Objectives
The present study aimed to first determine the agreement value between the iPTH and 1-84 PTH measures in patients with SHPT secondary to CKD. Then, we attempted to determine the best cutoff values for these two measurements for detecting SHPT in such patients.
Patients and Methods
This cross-sectional study (as a test value assessment assay) was conducted on patients with CKD who underwent hemodialysis in Rasoul-e-Akram general hospital in Tehran between 2014 and 2015. All patients were aged higher than 20 years with the history of dialysis longer than 3 months. On admission, the informed consent was taken from all participants. A venous blood sample was obtained before dialysis and transferred to a single laboratory to measure the value of study biomarkers including iPTH, 1-84 PTH, and elements of Ca, P, creatinine, albumin, hemoglobin, alkaline phosphatase, and 25-hydroxy vitamin D levels. A checklist was also applied to collect baseline characteristics and medical history of patients by interviewing. The level of 1-84 PTH was determined by the chemiluminescence assay and the level of iPTH by ELISA method with the normal reference values of 5-58 pg/mL and 10.4-66.5 pg/mL, respectively. The serum level of 25-hydroxy vitamin D was determined too. Additionally, to determine the cases with effective hemodialysis, Kt/V parameter was calculated. To diagnose SHPT, the cutoff value of 400 pg/mL was considered for iPTH. Accordingly, patients with SHPT were assessed by Tc-99m MIBI SPECT too. Among those patients, only two were finally diagnosed as parathyroid adenoma, one at left lower lobe and another at right lower lobe of the glands.
Ethical issues
1) The research followed the tenets of the Declaration of Helsinki; 2) informed consent was obtained; and 3) This study was approved by the Ethics Committee of Iran University of Medical Sciences.
Statistical analysis
For statistical analysis, results were presented as mean ± standard deviation (SD) for quantitative variables and were summarized by frequency (percentage) for categorical variables. Continuous variables were compared using t test or Mann-Whitney U test whenever the data did not appear to have normal distribution or when the assumption of equal variances was violated across the study groups. Categorical variables were, on the other hand, compared using chi-square test. The association between the quantitative variables, the Pearson's or Spearman's tests was applied. The area under the ROC analysis was measured to determine the value of both iPTH and 1-84 PTH to predict SHPT. The agreement between iPTH and 1-84 PTH values was assessed using the Kappa agreement test. P values of ≤ 0.05 were considered statistically significant. For the statistical analysis, the statistical software SPSS version 23.0 for windows (IBM, Armonk, New York) was used.
Results
In total, 70 patients (47 men and 23 women, mean age 62.32 ±13.42 years, ranged 14 to 83 years) with CKD under hemodialysis were assessed. The baseline characteristics are summarized in Table 1 . The mean duration of dialysis was 44 months as 3 to 4 hours in each session with 3 sessions per week. Regarding underlying risk factors, 51.4% were diabetic, 64.3% were hypertensive, and 25.7% were smoker. The most common etiology for renal failure was shown to be simultaneous history of diabetes and hypertension (27.1%). Considering the serum levels of biomarkers showed hypocalcaemia in 17.1%, hyperphosphatemia in 65.3%, vitamin D deficiency in 80.0%, and vitamin D insufficiency in 18.5%. Based on the value of KT/V ratio, effective dialysis was found in 70.0% of patients undergoing dialysis. The mean level of iPTH was 409.16 ± 446.27 pg/ mL and the mean level of 1-84 PTH was also 111.32 ± 151.64 pg/mL. Overall, 37.1% of patients suffered hyperparathyroidism. A strong positive association was revealed between the two indicators of iPTH and 1-84 PTH (r = 0.800, P < 0.001) ( Figure 1 ). As shown in Table 2 , the linear association between these two parameters is independent to baseline characteristics including gender, age, body mass index, and medical history. Among all biochemical elements, the value of 1-84 PTH was only associated with serum calcium level negatively (r = -0.267, P = 0.027) and alkaline phosphatase positively (r = 0.359, P = 0.003), but not with vitamin D or phosphorus levels. Considering iPTH as the reference and according to the area under the ROC curve (Figure 2 ), 1-84 PTH had high value to predict hyperparathyroidism (AUC = 0.926, P < 0.001). The best cutoff point for 1-84 PTH to discriminate hyperparathyroidism from normal condition was 60 yielding a sensitivity of 92.3% and a specificity of 79.1% (Figure 1) . Also, we found that the difference between the two parameters (iPTH and 1-84 PTH) had high value for diagnosis of hyperparathyroidism (AUC = 0.995, P < 0.001) that in a cutoff value of 200 pg/mL could predict hyperparathyroidism with sensitivity and specificity of 100% and 86%, respectively; however, iPTH to 1-84PTH ration could not predict hyperparathyroidism (AUC = 0.370, P = 0.073). Also, two ratios of (iPTH -1-84 PTH/ iPTH) and (iPTH -1-84 PTH/1-84 PTH) had no enough power to predict hyperparathyroidism (AUC of 0.630 for both) ( Table  3) . Among other baseline laboratory parameters, only alkaline phosphatase had an acceptable value for diagnosing hyperparathyroidism (AUC = 0.731, P = 0.001; Figure 3 ).
Discussion
Early prediction of appearing hyperparathyroidism in patients with chronic renal insufficiency is very critical due to its related irreversible consequences such as cardiovascular disorders or deterioration of renal failure. The occurrence of SHPT can be predicted by assessing serum PTH level and its fragments within activation. However the assessment of these fragments can be achieved more accurate assessment of hyperparathyroidism in such patients. In this regard, considering both efficacy and cost-effectiveness of these tests is also necessary especially in populations of the developing countries.
Hence, the present study aimed to assess the value of two assessment assays of iPTH and 1-84 PTH for predicting hyperparathyroidism secondary to chronic renal failure to recommend the assay with higher cost-effectiveness. First, we showed a strong association between iPTH and 1-84 PTH indicating high efficiency of both measurements two predict hyperparathyroidism. However due to considerably low cost of measuring iPTH as compared to 1-84PTH, the former assay can be already recommended to predict hyperparathyroidism and its related metabolites alterations. Moreover, according to the association of serum creatinine level with iPTH but not with 1-84PTH, the assessment of iPTH can better detect non-function fragment such as (7-84)PTH in kidney failure especially ESRD condition that is not detected by new third generation bioactive PTH. Another point was that the diagnostic value of both assays was not affected by baseline patients' characteristics such as gender, age, body mass index or medical history indicating high value of these two indicators for assessing the probability for hyperparathyroidism in background of renal failure regardless of baseline confounding factors. Almost all previous literatures obtained similar findings with respect to association between iPTH and 1-84 PTH. In a study by Melamed et al (17) , two indices were strongly correlated with together. In this regard, the best cutoff value of 1-84 PTH for predicting patients' death was estimated to be 160 pg/ mL. In our study, the cutoff value of 60 pg/mL was found to predict occurrence of hyperparathyroidism in such patients. In a study by Tan et al (18) , Elecsys PTH (1-84) was strongly associated with iPTH as well as with serum level of alkaline phosphatase as similarly obtained in our study. In another study by O'Flaherty et al (19) , however, the level of iPTH was significantly higher than 1-84 PTH. In a study by Hecking et al (20) , not only two assays had strong association, but also iPTH was strongly associated with serum phosphorus and creatinine. Finally, it can be concluded that the measurement of both iPTH and 1-84 PTH is valuable for predicting hyperparathyroidism secondary to chronic renal failure, but because of lower cost and good effectiveness of iPTH measurement, this assay can be considered comparable to 1-84 PTH measurement to predict this consequence.
Limitations of the study
This study was conducted on a limited proportion of patients and we suggest larger studies on this feature of hemodialysis patients.
